In vanadium-doped CsCl crystals grown from aqueous solutions anisotropic EPR spectra due to V0
Introduction

EPR studies of V0
2+ in doped single crystals have been reported for a large number of systems [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
The observed anisotropy led to conclusions about the location and geometry of this ion in the lattice in question. In particular the strong anisotropy of the 51 V hyperfine coupling as a consequence of the short V=0 bond distance, aided in these assignments. In a large number of compounds, however, including NH 4 N0 3 , NaN0 3 and Ba(N0 3 ) 2 [10] , KN0 3 and CsN0 3 [11] , KBr and KI [12] [17] and CsCl [17 a ] no preferential orientation could be detected. At room temperature isotropic spectra were observed in these systems and the linewidths of the eight hyperfine components varied with the quantum number m } according to
= n ]/3 (A, + a 2 MI + A 3 mj) [18] ( 1) in agreement with the theoretical predictions [19] . At low temperatures spectra typical of random orientation of anisotropic species as usually observed in powdered crystals or glasses were found. These results were interpreted in terms of rapid rotations of the vanadyl species at room temperature and static random orientations at low temperatures.
We have also observed such isotropic spectra in a number of additional compounds. Closer inspection Reprint requests to Prof. Dr. Gerhard Lehmann, Institut für Physikalische Chemie, Schloßplatz 4, 4400 Münster. strongly supports a completely different explanation, namely the presence of liquid inclusions of the growth solutions in these crystals. Finally, in CsCl single crystal spectra were observed at room temperature lending additional support to our interpretation of the isotropic spectra.
Experimental
EPR measurements were carried out on commercial X-and Q-band spectrometers, B-ER414s and B-ER 420 Q, respectively, of Bruker Analytische Meßtechnik GmbH., Karlsruhe. Low temperature spectra were obtained at X-band using a CSA-202 Cryogenic Refrigeration System of Air Products and Chemicals, Inc., Allentown. UV-VIS spectra were measured on a Perkin-Elmer spectrophotometer model 330 at room temperature and 77 K using a cryostat filled with liquid nitrogen. Infrared spectra were recorded on a Beckmann Acculab 8. Clearly the results for the crystals are very similar to those of the solutions suggesting that in the crystals inclusions of the growth solutions may be present. This conclusion is in fact supported by further evidence, namely (i) All crystals exhibiting isotropic spectra were grown from solutions.
Results and Discussion
EPR
(ii) In crystals of CsGaCl 4 :V0 2+ , grown from D 2 0. the linewidths are smaller than in the same crystals grown from H 2 0 solutions, suggesting coordination of the V0 2+ species by water molecules.
(iii) For rapidly rotating V0 2+ species identical spectra should result in single crystals and powders. This is not true for the compounds in Table 1 . After crushing to a fine powder and drying in vacuum these crystals showed only slightly structured signals near g = 2. We interpret this as evidence for crystallization of highly concentrated V0 2+ species due to evaporation of the solvent water.
(iv) It is unlikely that the proposed rotation of V0 2+ in. significantly different compounds could always be quenched to a completely random orientation. Instead, at most, a few preferential orientations should be strongly favored energetically and thus the spectra should change with orientation of the crystal. halides (including CsCl) studied so far isotropic spectra were observed at room temperature we found anisotropic, single crystal spectra for CsCl crystals grown from aqueous solutions doped with 1 mole% of vanadium as is also observed for the halide systems (NH 4 ) 2 InCl 5 [3] , (NH 4 ) 3 A1F 6 [8] and (NH 4 ) 2 SbCl 5 [13] . Two examples of these spectra are shown in Figs. 1 and 2 , while Fig. 3 shows the angular variation for rotation around a fourfold crystal axis. The numerical results obtained from these measurements are listed in Table 2 
Optical Absorption
CsCl crystals used for these optical absorption measurements were grown from solutions with 5 mole% of vanadium. Spectra were recorded at both Figure 4 . As shown in Table 3 , six distinct bands are resolved at room temperature. Particularly the ones at lowest energy split up into still more components. These bands do not, however, all originate from the same center since at higher growth temperatures in the range of 50 to 60 °C green crystals result in which the lowest energy bands are about five times as intense whereas the next three bands at higher energies are lower and the two bands at highest energies could not be measured due to too high absorption in this range.
The band system starting at about 13 000 cm" which cannot be detected by EPR at room temperature, attempts to detect it at 20 K were also unsuccessful. Three ligand field transitions are expected for this ion in cubic symmetry. The first two occur at 17 800 and 25 700 cm" Table 3 suggest that an additional band of the V0 2+ ion may also be present near 29000 cm" 1 , but most likely strongly overlapped by an absorption band of the V 3+ species.
Incorporation of another trivalent transition metal ion, namely Cr 3+ , in CsCl has been demonstrated by both EPR and optical absorption measurements [27] .
